Background. The optimal management remains unknown after nucleos(t)ide analogue (NA) discontinuation in patients with chronic hepatitis B (CHB). This prospective study investigated the role of off-treatment viral kinetics in predicting relapse after discontinuation of NA therapy.
Nucleos(t)ide analogues (NAs) are inhibitors of hepatitis B virus (HBV) DNA polymerase and directly block the viral replication. It is an effective treatment option for chronic hepatitis B (CHB) but does not eradicate covalently closed circular DNA or the integrated HBV genome [1, 2] .
NA discontinuation is not widely practiced and remains a controversial but highly relevant subject [3] . One reason is the lack of high-quality evidence for stopping. Most studies are retrospective with infrequent and irregular off-treatment follow-up and variable retreatment criteria hampering solid clinical recommendations [4] . In addition, some studies described very high rates of relapse and advised against NA cessation [5] [6] [7] , whereas other studies demonstrated sustained response and HBV surface antigen (HBsAg) seroclearance in some patients, suggesting that discontinuation is possible [8] [9] [10] .
Long-term indefinite therapy might not be feasible for all patients, especially in lower-income countries. One should also consider the long-term safety and compliance issues during long-term NA therapy [3, 11] , particularly if more than 30 years is needed to achieve HBsAg seroclearance-a functional cure [12, 13] . Different stopping criteria have been proposed to increase the likelihood of sustained response [14] [15] [16] , and yet little is known about how to manage patients after NA cessation.
The question remains whether HBV DNA relapse alone after NA cessation should be considered as failure for which retreatment is immediately indicated [4, 17] . One should also consider that a key element of treatment initiation in untreated patients as recommended by the international guidelines is the elevation of both serum HBV DNA and alanine aminotransferase (ALT) levels [14] [15] [16] . Furthermore, it has been demonstrated that sustained response may occur even after an increase in the HBV DNA level following NA discontinuation [10] . This is probably due to the development of an immune-mediated response after NA cessation, which can be successful in some patients [18] . No studies have investigated the optimal timing of retreatment in terms of the prevention of premature retreatment but also severe flares in the ALT level. The factors associated with ALT relapse after an initial HBV DNA relapse also remain unknown.
The HBsAg level has been used as a marker of the complex interplay between the HBV and the host's immune response and may be useful in the guidance of treatment discontinuation [1, 19] . A retrospective study showed promising predictive ability of HBsAg levels for sustained response after NA cessation but only in HBeAg-negative patients [8] . Moreover, preliminary data of a randomized, controlled trial showed that patients who stopped NA treatment demonstrated a greater decrease in the HBsAg level than patients who continued NA therapy [17] . In addition, the important question remains of whether there are any signs of histological progression after NA discontinuation.
The aim of this prospective study was to investigate the effect of NA therapy discontinuation in patients with CHB in terms of relapse, off-treatment HBsAg kinetics, liver stiffness measurement by transient elastography, and liver ultrasonography. Moreover, we investigated whether ALT relapse after an initial elevation in the HBV DNA level can be predicted by end-oftreatment and off-treatment factors.
METHODS

Study Design and Population
This was a prospective, observational study of virologically suppressed Asian patients with CHB (defined as HBsAg positivity for >6 months) who discontinued NA therapy and consented to prospective study follow-up. Patients were recruited from Nanfang Hospital (Guangzhou, China) from November 2012 until January 2015 [20] . Based on previous retrospective studies, a minimum of 80 patients were planned to be included to study the rate and risk of relapse [10, 21] . This analysis included follow-up data until July 2015, when all patients had completed at least 6 months of follow-up.
Patients who were HBeAg positive at NA initiation were eligible if they fulfilled the stopping criteria of international guidelines: HBeAg seroconversion, undetectable HBV DNA, and normalized ALT level, with a duration of subsequent consolidation therapy of ≥12 months [14] [15] [16] . Patients who were HBeAg negative at NA initiation were eligible if they at least fulfilled the Asian Pacific Association for the Study of the Liver (APASL) stopping criteria: undetectable HBV DNA with a duration of subsequent continued therapy of ≥18 months [15] . Additional eligibility criteria were age of ≥18 years, HBsAg positivity and undetectable HBV DNA at the moment of NA discontinuation, and written informed consent with motivation to attend follow-up visits. Exclusion criteria included coinfection with hepatitis C virus, hepatitis D virus, or human immunodeficiency virus; immunocompromised status or malignancy; autoimmune liver disease; alcohol abuse; prior history of liver transplantation; other severe or active disease; history or presence of decompensated liver disease (ultrasonography-confirmed ascites, bleeding esophageal varices, overt encephalopathy, a total bilirubin level of ≥2 times the upper limit of normal [ULN] , an albumin level of <32 g/L, or a prothrombin time prolongation of ≥3 seconds, compared with the reference value); radiological suspicion of HCC or an α-fetoprotein level of >20 ng/mL; biopsy-proven cirrhosis; or a liver stiffness of >9 kPa as measured by transient elastography (Fibroscan; Echosens, Paris, France).
This study was conducted in compliance with the Declaration of Helsinki and approved by the ethics committee (study identifier NFEC-201209-K3).
Follow-up
After treatment discontinuation, patients were followed every month during the first 3 months. Thereafter, the patients were evaluated every 3 months. At every visit, biochemical (determination of ALT, aspartate aminotransferase, total bilirubin, and albumin levels) and virological (quantitative measurement of HBsAg, HBeAg, anti-HBe, and HBV DNA) tests were performed. Ultrasonography and liver stiffness measurements were also performed at treatment discontinuation, year 1, and year 2.
End Points, Retreatment Criteria, and Definitions
Clinical relapse was defined as an HBV DNA level of >2000 IU/mL, combined with an ALT level of >2 times the ULN. Patients with clinical relapse were retreated and withdrawn from this prospective study follow-up. Biochemical relapse was defined as an ALT level of >2 times the ULN. Other end points included HBsAg seroclearance, off-treatment HBsAg kinetics, ultrasonographic signs of cirrhosis, and liver stiffness measurements.
Ultrasonographic signs of cirrhosis were defined as nodules within the hepatic parenchyma, splenomegaly, or a portal vein diameter of >16 mm [22] . A valid liver stiffness value was defined as an interquartile/median ratio of ≤0.30, ≥10 successful measurements, and a success rate of ≥60%. As described by practice guidelines, consolidation therapy was defined as continued NA therapy after HBeAg seroconversion [14, 16] , achievement of an undetectable HBV DNA level, and normalization of the ALT level in HBeAg-positive patients and after achievement of an undetectable HBV DNA level in HBeAg-negative patients [15] . Cutoffs in the HBsAg level (ie, 100, 200, and 1000 IU/mL) described in recent studies were further investigated [8, 9, 23] .
Persistent elevation of the HBV DNA level was defined as at least 2 tests within 3 months in which the HBV DNA level was >2000 IU/mL.
Laboratory Tests
Local standardized automated techniques were used to perform biochemical tests. The ULN of the ALT level was 40 U/L for males and 35 U/L for females. Quantitative analysis of HBsAg (lower limit of detection [LLOD] , 0.05 IU/mL), HBeAg, and anti-HBe was performed using the Architect assay (Abbott Laboratories, Chicago, IL). Data on pretreatment serum HBV DNA levels were retrospectively collected (by an HBV-specific polymerase chain reaction assay with a LLOD of 1000 copies/mL; Daan Gene, Sun Yat-sen University, Guangzhou, China]). A conversion factor of 5 copies per IU was used for conversion of copies to IU. Serum HBV DNA levels at NA cessation and follow-up were determined using the Cobas HBV-specific TaqMan polymerase chain reaction assay with a LLOD of 20 IU/mL (Roche Diagnostics, Basel, Switzerland).
Data Analysis
The date of NA cessation was defined as baseline. Follow-up was calculated from baseline until a particular study end point, loss of follow-up, censorship (retreatment), or the last follow-up visit, when appropriate.
Characteristics of HBeAg-positive patients and HBeAgnegative patients were compared using the χ 2 test, for categorical variables, and the Student t test or Mann-Whitney test, for continuous variables, when appropriate. Follow-up data were assessed with Kaplan-Meier analysis. The log-rank test was used to compare Kaplan-Meier curves. Associations between factors and study end points were examined by Cox proportional hazards regression. Multivariable Cox models were adjusted for start-of-treatment HBeAg status and factors that were statistically different between HBeAg-positive and HBeAg-negative patients. To investigate the predictors of biochemical relapse after an initial elevation in the HBV DNA level to >2000 IU/ mL, a time-reset approach was used in which the time of the first elevation in the HBV DNA level was considered as t = 0. Persistent elevation in the HBV DNA level was analyzed as a time-dependent covariate, allowing patients to switch to the group with persistent elevation in the HBV DNA level during follow-up. The decrease in the HBsAg level was calculated from baseline to the time of the last available level while considering the period of decrease. Declines were compared using the Student t test. Liver stiffness measurements at year 1 and year 2 were compared to baseline values, using the paired Student t test.
Statistical tests were 2-sided, and a P value of <.05 was considered statistically significant. All tests were performed with SPSS, version 21.0 (IBM, Armonk, NY).
RESULTS
Patient Characteristics
In total, 87 patients gave informed consent and were enrolled. Five patients were negative for HBsAg at week 0 and were excluded from this analysis. Therefore, this analysis included 82 patients who were HBsAg positive and HBV DNA negative at the moment of NA discontinuation. At the initiation of NA therapy, 60 patients (73%) were HBeAg positive, and 22 (27%) were HBeAg negative ( Table 1) . Characteristics of HBeAgpositive and HBeAg-negative patients were largely comparable except for age and duration of consolidation therapy: HBeAgnegative patients were older and had received consolidation for a longer period than HBeAg-positive patients. Overall, only 2 of 82 patients (2%) were lost to follow-up (at weeks 24 and 60). Patients who did not develop clinical relapse (ie, those who were not retreated) were followed for a median duration of 1.9 years (interquartile range, 1.4-2.5 years).
Clinical Relapse
Twenty-eight patients developed a clinical relapse, of whom 16 had an elevated ALT level that was >5 times the ULN ( Figure 1A ). Among patients with an ALT level of >5 times the ULN, the median peak ALT level was 9.5 times the ULN (maximum, 40 times the ULN). The cumulative rates of clinical Data are mean ± SD, no. (%) of participants, or median (interquartile range).
Abbreviations: ALT, alanine aminotransferase; HBsAg, hepatitis B virus surface antigen; NA, nucleos(t)ide analogue; UD, undetectable (<20 IU/mL); ULN, upper limit of normal.
a Entecavir was first-line treatment, and lamivudine, adefovir, and telbivudine were second-line treatment.
relapse among patients who were HBeAg positive before treatment were 14%, 26%, and 31% at years 0.5, 1, and 2, respectively. For patients who were HBeAg-negative before treatment, the rates were 14%, 27%, and 53% at years 0.5, 1, and 2, respectively. After initiation of retreatment, 26 of 28 patients achieved undetectable HBV DNA and normal ALT levels. One patient was lost to follow-up after the start of retreatment, and 1 patient was lost to follow-up after 24 weeks of retreatment, with an HBV DNA level of 35 IU/mL and a normal ALT level. No patients developed signs of decompensated liver disease.
Only age was significantly associated with clinical relapse (Table 2) . Patients with end-of-treatment HBsAg levels of ≤200 IU/mL appeared to have a lower risk of clinical relapse than patients with HBsAg levels of >200 IU/mL ( Table 2 ). The effect of age and end-of-treatment HBsAg levels remained comparable in the multivariable model adjusted for pretreatment HBeAg status and consolidation therapy duration (Table 2) . At year 2, 48% of patients aged >35 years experienced clinical relapse, compared with 25% of patients aged ≤35 years (P = .007); 22% of patients with end-of-treatment HBsAg levels of ≤200 IU/mL experienced clinical relapse, compared with 44% of patients with higher levels (P = .042; Figure 1B and 1C) .
Off-Treatment HBV DNA Levels and Prediction of Biochemical Relapse
In total, 58 of 82 patients developed an elevated HBV DNA level of >2000 IU/mL at least once. Of these 58 patients, 31 experienced a biochemical relapse. None of the 24 patients with sustained off-treatment HBV DNA levels of ≤2000 IU/mL developed biochemical relapse during a median follow-up of 2 years (interquartile range, 1.3-2.5 years).
At the time the HBV DNA level first increased to >2000 IU/ mL, biochemical relapse was very likely to develop if the HBV DNA level was >200 000 IU/mL, compared with values of >2000 to ≤200 000 IU/mL (hazard ratio [HR], 8.42; 95% confidence interval [CI], 3.07-23.10; P < .001). Biochemical relapse developed in all 7 patients with an HBV DNA level of >200 000 IU/ mL, compared with 5 of 11 patients with an HBV DNA level of >20 000 to ≤200 000 IU/mL and 19 of 40 patients with an HBV DNA level of >2000 to ≤20 000 IU/mL (year 2 rates of relapse, 100%, 65%, and 51%, respectively; Figure 2A) . Additionally, at the time the HBV DNA level first increased, the direction of the change in the HBsAg level from that at the end of treatment did not significantly predict biochemical relapse (increase vs decrease: HR, 1.31; 95% CI, .63-2.74; P = .47).
To assess the effect of a persistently elevated HBV DNA level on the development of biochemical relapse, the 7 patients with an initial HBV DNA level of >200 000 IU/mL were excluded, as were 4 additional patients who had biochemical relapse concurrent with the first elevation in the HBV DNA level. In the remaining 47 patients, a persistently elevated HBV DNA level was observed in 21 patients (45%), whereas a transiently elevated HBV DNA level was observed in 26 patients (55%) (Supplementary Figure 1) . Patients with a persistently elevated HBV DNA level were almost 7 times as likely to develop a biochemical relapse as compared to patients with a transient elevation in the HBV DNA level, after adjustment for startof-treatment HBeAg status (adjusted HR, 6.87; 95% CI, 2.52-18.75; P < .001). In total, 73% of patients developed biochemical relapse after a persistent elevation within 2 years, compared with 17% of patients after a transient elevation (P < .001; Figure 2B ).
Serum HBsAg Kinetics
Five patients cleared serum HBsAg during off-treatment follow-up, resulting in a cumulative HBsAg seroclearance rate of 10% at year 2 ( Figure 3A) . The off-treatment serum HBsAg, HBV DNA, and ALT levels of these patients are presented in Figure 3B . Patients with end-of-treatment HBsAg levels of ≤100 IU/mL were 7-fold as likely to clear serum HBsAg (HR, 7.08; 95% CI, 1.17-42.81; P = .033). The change in the HBsAg level was significantly different between persons with a sustained response and those with clinical relapse, with a mean HBsAg change per year of −0.48 vs. +1.02 log IU/mL, respectively (P = .004; Figure 4 ). After exclusion of the 5 patients with HBsAg seroclearance, the decrease in the HBsAg level among persons with a sustained response was more modest but still significantly different than that for persons with clinical relapse (−0.16 vs +1.02 log IU/ mL; P = .016).
Longitudinal Liver Stiffness and Ultrasonographic Assessments
Because patients who developed a clinical relapse were retreated and not followed further in this study protocol, liver stiffness and ultrasonographic assessments were only available during off-treatment follow-up. At year 1, 56 patients were still in off-treatment follow-up, compared with 32 patients at year 2. Compared with baseline values, the liver stiffness measurements were not significantly different at year 1 (5.7 vs 6.0 kPa; P = .33) or year 2 (5.6 vs 5.8 kPa; P = .57; Supplementary Figure 2) . Ultrasonography was performed for 49 of 56 patients (88%) at year 1 and for 23 of 32 patients (72%) at year 2. At years 1 and 2, none of the patients developed ultrasonographic signs of cirrhosis.
DISCUSSION
In this prospective follow-up study of Asian patients with CHB who stopped NA therapy, we demonstrated that clinical relapse occurred within 2 years, despite adequate long-term viral suppression, in 31% of patients who were positive and 53% who were negative for HBeAg at the start of treatment. Importantly, this is one of the first studies to show that the level and the persistence of an off-treatment elevated HBV DNA level of >2000 IU/mL can be used to predict subsequent biochemical relapse and may therefore guide the management of stopped patients.
A high percentage of our patients developed elevated HBV DNA levels of >2000 IU/mL after stopping treatment. Because NAs inhibit HBV DNA production directly at the level of the DNA polymerase, the reactivation of HBV DNA production appears to be logical and almost unavoidable after stopping [5, 6, 10] . Consequently, when NA discontinuation is considered, an off-treatment increase in the HBV DNA level is a part of the process in most cases. NA discontinuation is therefore not feasible for all patients, particularly when active viral replication is highly unwanted, as in cirrhotic patients [9, 24] . For such patients, HBsAg seroclearance appears to be the best end point for treatment discontinuation [25] . We showed that it is highly recommended to immediately retreat patients who have an off-treatment HBV DNA level of >200 000 IU/mL, owing to the high rates of biochemical relapse. Additionally, compared with patients with a transiently elevated HBV DNA level after NA cessation, patients with HBV DNA levels of >2000 IU/mL at consecutive visits had almost a 7-fold higher chance to develop a biochemical relapse. Retreatment is thus highly recommended if persistent elevation has been confirmed, whereas a wait-and-see strategy may be followed in case of a transient elevation. Comparably, Wang et al showed that serum HBV DNA levels 6 months after stopping treatment may be used to predict relapse [26] . Importantly, our study showed that, regardless of which off-treatment month is evaluated, the level and persistence of serum HBV DNA elevation were predictive of subsequent biochemical relapse.
Our study provided important data regarding the effect of retreatment criteria on the off-treatment outcome. Owing to the prospective design of our study, all patients were subjected to the same retreatment criteria (an HBV DNA level of >2000 IU/ mL, combined with an ALT level of >2 times the ULN). With these retreatment criteria, different patterns of off-treatment elevated HBV DNA levels were observed with more-favorable outcomes among patients with transiently elevated HBV DNA levels. Therefore, retreatment may not be directly indicated in such patients. Seto et al observed very low rates of sustained off-treatment response and HBsAg loss when retreatment was initiated the first time at which the HBV DNA level increased to >2000 IU/mL [6] . In contrast, when retreatment was started in the case of concurrently elevated HBV DNA and ALT levels, a substantial number of patients developed sustained response and HBsAg loss, even after an initial elevation in the HBV DNA level [10] . This phenomenon of immunological control after a virological relapse has also been observed in an interim analysis of a randomized trial [17] . However, this retreatment strategy is at risk of further increase of HBV DNA levels and flares in ALT levels. Therefore, to prevent flares in the ALT level but also premature retreatment, we propose an algorithm that uses the off-treatment HBV DNA levels to guide the off-treatment management (Supplementary Figure 3) . This algorithm warrants further validation.
Our results showed that low end-of-treatment HBsAg levels were associated with relapse and HBsAg loss. This is not surprising because serum HBsAg levels are correlated with the number of infected hepatocytes and intrahepatic covalently closed circular DNA [19, 27] . Serum HBsAg level has been associated with the response after NA cessation [8-10, 23, 28] but also during NA or pegylated interferon treatment [29, 30] . Our finding that older age was associated with relapse is in line with results of earlier studies [9, 31, 32] . The exact mechanism is unknown. In addition, in our study pretreatment HBeAg status was not significantly associated with relapse, in line with previous retrospective studies [8, 9, 26] .
Individuals with a sustained response demonstrated a greater decrease in HBsAg level than patients who developed a clinical relapse. Despite this, the off-treatment HBsAg kinetics were not predictive of relapse in individual patients, probably because of the steady course of serum HBsAg levels. Furthermore, the annual HBsAg level decrease of 0.48 log IU/mL among persons with a sustained response appeared to be high, compared to reported decreases of 0.07 and 0.11 log IU/mL in NA-suppressed HBeAg-positive and HBeAg-negative patients, respectively [12, 13] . Moreover, a randomized trial showed that patients who stopped therapy demonstrated a more prominent decrease in the HBsAg level as compared to patients continuing NA therapy [17] . These results together suggest the presence of an immunomediated beneficial response in some patients after stopping therapy.
There were no signs of histological progression, based on liver stiffness and ultrasonographic assessments, among patients continuing off-treatment follow-up. However, no histological data were available after the occurrence of clinical relapse. To our knowledge, this is also one of the first studies to investigate the liver stiffness measurements and ultrasounds after NA discontinuation. Long-term follow-up studies are needed to determine the risk of HCC development after NA cessation.
Our study has a few limitations. Long-term follow-up studies are needed to determine the long-term sustainability of response, and therefore the current prospective follow-up protocol is being extended with ongoing recruitment. Nevertheless, protocol adherence was good, with only 2 patients lost to follow-up. In addition, HBV genotype data were not available. However, because all our patients were of Chinese origin, most patients were probably infected with genotype B or genotype C, which were not associated with relapse [24] . Important to note is that the cutoff thresholds of predictors (such as age, HBV DNA level, and HBsAg level) were not prespecified. However, thresholds used in previous studies were considered in the analysis. Finally, the APASL stopping criteria were used for HBeAg-negative patients [15] . These criteria are controversial and were written with consideration of the economic burden of indefinite NA therapy [3, 14, 16] . Despite this, our HBeAgnegative patients had undetectable HBV DNA for a median of 2.9 years before NA discontinuation, and it has been shown that prolonged virological suppression was associated with a lower risk of relapse risk [9] .
In conclusion, we showed that relapses were common after NA discontinuation in HBsAg-positive patients with CHB, even when stopping criteria were fulfilled. Importantly, different patterns of off-treatment elevations in the HBV DNA level were observed. The level and persistence of off-treatment elevations in the HBV DNA concentration were useful in the prediction of a subsequent biochemical relapse and may thus be used to guide off-treatment management of patients, allowing early retreatment of those at high risk of biochemical relapse.
Supplementary Data
Supplementary materials are available at The Journal of Infectious Diseases online. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author.
Notes
